Abstract. Rice bran is the outermost part of the rice grain wrapped in rice husks. Rice bran contains macro and micro nutrients that are bound to fibers that affect psychochemical properties when used in food products. The purpose of this study was to increase the nutritional value of rice bran with solid state fermentation using Rhizopus oryzae FNCC 6011 in tray bioreactor at 30 o C for 120 h. The results showed an increase in protein, fat and ash content by 58.5%, 124.5%, and 18.6%, respectively, while carbohydrate and fiber content decreased respectively by 25.6% and 51.2%. The deceleration model successfully depicts the profile of biomass growth and improved protein. The kinetic parameters obtained k, A, and YPX were 0.0536/h, 5.2537, and 0.1821 g/g, respectively.
Introduction
Rice bran is a layer of rice grain wrap (layer of aleuron/epidermis) that is released during paddy rice milling process. The total grinding yield of rice bran about 10% [1] . About 90% of the resulting rice bran is used as animal feed at a low price and the remaining 10% is extracted into rice bran oil [2] . Rice bran is a source of protein, fatty acids, minerals, dietary fiber, and vitamin E (tocopherol and tocotrienol) as a source of antioxidants [3] . Rice bran also contains bioactive compounds such as inositol, inositol hexaphospat, ferulic acid, gamma oryzanol, and sterols that are proven to prevent cancer, hyperlipidemia, liver fat, hypercalciuria, kidney stones, and heart disease. With the discovery, rice bran has a huge potential to serve as a functional food [4] [5] [6] [7] .
Although rice bran is available abundantly, but application in food products is still very limited, this is because the content of macro and micro nutrient of rice bran is still strongly bound with fiber. To overcome these problems, the fermentation technology is required to improve the quality by utilizing microbes, yeasts, and fungi to decompose organic matter in substrates into simpler components. Fermentation technology can increase protein content in agricultural products and agro-industrial wastes through growth and activity of microbial metabolism [8] [9] [10] [11] [12] [13] [14] . Fermentation can also improve nutrients, aroma, flavor, and texture through enzymatic activity produced by microbes that can be used as functional food [15, 16] .
Fermentation can be divided into two methods, submerged fermentation/liquid state fermentation and solid state fermentation. In recent years, many researchers have shown that solid state fermentation has a major impact on productivity, higher yields and improved product characteristics compared to liquid state fermentation [17, 18] . Solid state fermentation is defined as fermentation involving solids in the absence of free water. Solid state fermentation benefits include lower energy requirements, less waste water, and environmentally friendly [19, 20] .
Rhizopus oryzae is a filamentous fungi of the Zygomycetes class. Most strains of Rhizopus oryzae are isolated as active components in the production of food or alcoholic beverages in Indonesia, China and Japan. Rhizopus oryzae has long been used for the production of enzymes (glucoamylase and lipase), organic acid synthesis, and various fermentation applications in foodstuffs [21] . Various types of enzymes produced by various strains of Rhizopus oryzae include cellulase which serves to break down cellulose into oligosaccharides, glucose or other compounds. Another enzyme produced is xylanase which catalyzes the hydrolysis of 1-4-beta-D-glycosidic on xylans which is the constituent of hemicellulose, pectinase which serves to break down pectin into simple sugars, and amylase [22] [23] [24] [25] [26] [27] .
To develop the potency of rice bran into a larger scale of production, a kinetic model that plays an important role in monitoring and predicting the results of the fermentation process is needed. The unstructured model is simpler because cell biomass is viewed as a single component without the internal dynamics of the cell so that the rate of reaction depends only on the phase conditions in the reactor, while structured models incorporate internal cell factors such as changes in biomass composition, so the model is more complex [28] [29] [30] [31] . The kinetic equation is chosen based on the most appropriate regression result. Some kinetic models in solid state fermentation include linear, logistic, exponential, and deceleration models [32] [33] [34] .
This research aims to determine the characteristics of fermented rice bran and determine the appropriate kinetics model to describe the growth profile of biomass and increase protein content in rice bran by solid state fermentation method for further industrial application.
Materials and Methods

Rice bran
Rice bran was obtained from rice mill in Teter Village, Simo Subdistrict, Boyolali Regency, Central Java, Indonesia. The rice bran is sieved using a 35 mesh sieve (Retsch AS200, Haan, Germany) to separate impurities such as rice husk and rice. The rice bran was packed in polypropylene box and stored at 4°C until used.
Inoculum preparation
Rhizopus oryzae (FNCC 6011) in the form of ampoule was obtained from Food and Nutrition Culture Collection (FNCC) of Food and Nutrition PAU of Gadjah Mada University, Indonesia. The cultures were transferred in a petri dish that has been filled with potato dextrose agar medium (PDA, Merck KGaA, Darmstadt, Germany) and incubated at 30°C for 7 days [35] . The spores that were formed were taken and dissolved in Tween 80 (0.2%) (Merck KGaA, Darmstadt, Germany). Spore concentration was measured using TPC (total plate count) method. Spore suspension being stored at 4°C.
Fermentation
Rice bran was fermented in solid state fermentation method using tray bioreactor, with dimensions of 16 cm 8 cm 4 cm. The rice bran (100 gr) was placed in tray bioreactor with a thickness of 2 cm substrate layer. The tray bioreactor containing the rice bran was sterilized in an autoclave (Hirayama HVE-50, Tokyo, Japan) at 121°C for 30 minutes. Take a sample of ± 2 g for protein analysis. Then into the rice bran substrate added 45 ml of nutrient solution (KH 2 PO 4 2 g/l, MgSO 4 1 g/l, and (NH 4 )SO 4 8 g/l in 0.4 N HCl) (Merck KGaA, Darmstadt, Germany) [36] .
The Rhizopus oryzae spore suspension was added to the substrate with a concentration of 4 x 10 6 spores/g of rice bran [35] . Sterile aquadest was then added until the moisture content of the substrate reached 55% [37] . The rice bran was incubated in an incubator (Memmert IN55, Schwabach, Germany) at 30°C for 120 hours [37, 38] . Samples were taken every 24 hours for biomass and protein content analyses
Proximate composition
The moisture, ash, and fat content were determined by the gravimetric method according to the AOAC (2000) recommendation. The total protein content was determined as total nitrogen by Kjeldahl method [39] . The conversion factor used is 6.25. The crude fibers were determined through gravimetrical measurement of the residue obtained by the acid and basic digestion of the samples according to NDF method.
Biomass determination
Samples of 1 gr was ground until smooth and then put into a centrifuge tube. Add 5 ml of 15% Na 2 SO 4 solution (Merck KGaA, Darmstadt, Germany), then centrifuged at 12000 rpm for 15 minutes (LaboGene 1730R, Alleroed, Denmark). After centrifugation there will be three layers, the top layer is biomass, the middle layer is the Na 2 SO 4 solution and the bottom layer is the substrate. The biomass is then separated by a filter paper of Whatman 42 (Merck KGaA, Darmstadt, Germany) that has been known to weigh. The same is done for substrate. Then the filter paper contains biomass and the substrate is dried in an oven (Heraeus T6060, Hanau, Germany) at 40 o C until a constant weight is obtained [40] . The results of measurement of dry weight of biomass using the following formula [32] ,
Kinetics model
Some models of kinetics of biomass growth in solid state fermentation include linear, exponential, logistic, and deceleration models [32] [33] [34] .
The linear model
It is the simplest model in which the change in the biomass concentration over time is constant according to the equation
The result of the integration of the above equation becomes
The exponential model
The Exponential model expression of biomass growth is The result of the integration of the above equation becomes
The logistic model
The logistic model is the most widely used model (75%) to describe the solid state fermentation kinetics, while 25% is the other model [33] .
The result of integration of the above equation is obtained
The deceleration model
The deceleration model of biomass growth as follows,
Model of protein formation
Changes in protein content that has been formed during the fermentation process is determined using the following equation [32, 41] ,
Results and Discussion
The nutrition content of unfermented rice bran and fermented rice bran are presented in Table 1 below. Carbohydrate, protein, fat, and ash content are calculated on a dry basis. Table 1 it can be seen that after fermentation for 120 hours there was a decrease of carbohydrate and fiber content respectively 25.6% and 51.2%, this is due to activity of Rhizopus oryzae metabolism that grow and developed in rice bran. Rhizopus oryzae produces enzymes used to break down polysaccharides such as cellulase, xylanase, pectinase, and amylase to oligosaccharides and glucose, resulting in reduced carbohydrate and fiber content [22, 23, 25, 26, 42] .
Glucose from polysaccharide splitting as a source of energy in the cell metabolism Rhizopus oryzae produces a number of biomass and extracellular compounds such as enzymes that result in increased protein content in rice bran. 10-25% of the fungus constituents are proteins [14, 43] . Protein content in fermented rice bran has an increase of 58.5%. Several authors have reported increase in protein in fermented rice bran by 40%, 53.4%, and 49.3% [35, 36, 38] . The increase in protein content in this study is higher than previous studies because in this study the rice bran used has particles sizes smaller than 0.42 mm, while in previous research using rice bran with particles sizes between 0.35 and 0.60 mm. The smaller particle diameters will produce higher protein content due to the oxygen transfer rate, heat transfer rate, and transfer rate of metabolic gases during the fermentation process are in optimal conditions for biomass growth and excretion of extracellular enzymes [36] .
Fat content in fermented rice bran has an increase of 124.5%, this is due to the growing biomass Rhizopus oryzae more and more. The constituents of cell wall and plasma membrane of Rhizopus oryzae is fat component in the form of phospolipid and lipoprotein so that fat content in fermented rice bran is increased [43] . Increased fat content in fermented rice bran is also reported by 17.3% after 60 hours of fermentation. The results are much lower than this study, this is because the bran used has particles sizes between 0.39 and 1.67 mm so it is still mixed with broken rice and rice husk. This will affect the increase in fat content obtained. The smaller the rice bran particles will produce higher fat content in the fermentation process [44] .
While the ash content in fermented rice bran has an increase of 18.6%. This result is consistent with some researchers who reported an increase in ash content by 30%, 47.8%, and 10.5% [35, 38, 45] . Increased ash content is thought to result from the growth of hypha and mycelium Rhizopus oryzae on the rice bran. Rhizopus oryzae cell wall contains several minerals such as phosphorus, potassium, sodium and sulfur, resulting in ash content in the fermented rice bran has increased [35, 43] . The same phenomenon also occurs in rice bran fermentation using Rhizopus oligosporus and Saccharomyces cerevisiae where ash content increases by 24.5% after 48 hours of fermentation [46] . Fungal ash content varies from 1% to 29% depending on species of fungus and growth conditions [47] .
To develop the potency of rice bran into a larger scale of production, the kinetic model is required. Regression analysis is used to determine the most appropriate kinetic equation and the values of the parameter of this equation that give the best fit to the experimental data. The results of matching experimental data with the model are presented in the Table 2 and Figure 1 below. From the above kinetic models closest to the experimental data is the deceleration model where each point in the deceleration model coincides with the experimental data, it can also be seen from the smallest sum of square of residuals (SSR) value of 0.0008, so the deceleration model is best suited to describe the biomass growth model of fermented rice bran [32] [33] [34] . The kinetic parameters obtained are k (biomass growth rate constant) of 0.0536/h and the pre-exponential factor of 5.2537. The deceleration model for growth kinetics of biomass is also used to describe the growth profile of Rhizopus oligosporus using cassava starch substrate in solid state fermentation medium. Model matching results with experimental data resulted in the smallest sum of square of residuals of 0.0626 compared to linear, exponential and logistic models. The kinetic parameter obtained is k (biomass growth rate constant) of 0.044/h. [33, 48, 49] . The deceleration model on the growth of biomass is used to integrate the product formation equation, so that the following equation is obtained at equation The data of experimental results with the model coincide and has a significant proximity between points that the model is acceptable. The kinetic equation of protein formation, Deceleration model is also used to describe the production of protein from bagasse using Chaetomium cellulolyticum through solid state fermentation method. The results of model calculations with experimental data show a significant proximity [50] .
Conclusions
The protein, fat, and ash content in fermented rice bran have increased by 58.5%, 124.5%, and 18.6%, respectively, while carbohydrate and fiber content decreased respectively by 25.6% and 51.2%. The deceleration model successfully depicts the profile of biomass growth and improved protein well. The kinetic parameters obtained k, A, and Y PX were 0.0536/h, 5.2537, and 0.1821 g/g respectively. This research makes the fermented rice bran has a great potential to be utilized as a functional foodstuff. 
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